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The magnitude of passive ankle dorsiflexion 
decreases from about60degrees inthe neonatal 
period to about 20 degrees in adulthood. In 
order to examine the relation between this 
reduction and motor development. the 
magnitude of passive ankle dorsiflexion was 
compared between infants who were not yet 
standing and those who were newly walking. 
Ankle angle and force data during passive ankle 
dorsiflexion were collected from 14 pre-walkers 
and 12 new-walkers. Ankle dorsiflexion 
decreased by 6.6 degrees from a mean of 45 
degrees in the pre-walkers to c; mean of 38 
degrees in the new-walkers. This normative 
data provides guidelines for the assessment 
and monitoring of ankle function in the disabled 
infant. 
[Wong S. Ada L and Butler J: Differences in 
ankle range of motion between pre-walking 
and walking infants. Australian Journal of 
Physiotherapy44: 57-60] 
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Differences in ankle 
range of motion 
between pre-walking 
and walking infants 
hen a multiarticular muscle is 
stretched over one or more 
joints, the range of motion 
permitted at the measured joint is 
determined predominantly by the 
passive properties of the muscle-
tendon unit and not by periarticular 
soft tissues (Harvey et al 1994). 
Therefore, when the ankle is passively 
dorsiflexed with the knee in extension, 
the range of motion at the ankle is 
limited predominantly by the 
gastrocnemius muscle-tendon unit. 
Full-term neonates have 59 (8, SD) 
degrees of passive ankle dorsiflexion 
(Waugh et aI1983), such that the 
dorsum of the foot can be brought to 
touch the anterior aspect of the shank. 
In contrast, adults demonstrate a much 
smaller magnitude of passive ankle 
dorsiflexion of 18 (7, SD) degrees 
(Moseley et aI1995). Gastrocnemius 
length, therefore, reduces between 
infancy and adulthood such that adults 
have a shorter muscle relative to tibia 
length than neonates. For example, 
Sutherland et al (1988) found that the 
passive ankle dorsiflexion of infants 
decreased between one and seven years 
of age, with most of the reduction 
occurring in the first four years. 
Correspondence: Dr Louise Ada. School of 
Physiotherapy. Faculty of Health Sciences. The 
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Animal studies have established that 
young skeletal muscle adapts to new 
mechanical environments and altered 
patterns of use by modifying sarcomere 
number, sarcomere length and tendon 
length (Tardieu et aI1977). The 
relatively large amount of dorsiflexion 
observed in neonates is thought to be 
the result of adaptation to the confined 
intra-uterine environment where the 
foetal ankles are usually immohilised in 
a fully dorsiflexed position (Amiel-
Tison 1968, Hoffer 1980, Illingworth 
1975). Likewise, knee extension range 
increases from a contracture of 21.4 
degrees at birth after being fully flexed 
in the intra-uterine environment to 3.3 
degrees by six months (Broughton et al 
1993). After birth, infants initially 
engage in activities which do not 
involve weight-bearing through the 
feet, such as lying, rolling, sitting, 
crawling or bottom shuffling. This is 
followed by activities involving weight-
bearing through the feet such as 
standing, cruising, crouching and 
finally walking, which collectively 
represent a change in muscle use due 
to the altered mechanical environment 
of the ankles. The aims of this study 
were, therefore, (i) to investigate ankle 
range of motion in infants who were 
not yet weight-bearing through their 
feet (ie, pre-walkers) and (ii) to 
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compare this with infants who were 
newly walking (ie, new-walkers). 
Methods 
Subjects 
A total of 26 subjects were recruited 
from metropolitan child care centres. 
Subjects were accepted if they had at 
least one parent who was Caucasian 
and were classified as belonging to 
either the pre-walker or new-walker 
group. Pre-walkers were defined as 
infants who did not weight-bear 
through their feet unless placed there 
by an adult (as determined by 
observation of an hour of play time). 
Subjects were defined as new-walkers if 
they had been walking by holding onto 
an adult with one hand or had been 
walking independently for the last two 
to six weeks. Infants who had been 
referred to a paediatrician or who had 
an existing or a previous history of 
orthopaedic, neurological or 
musculoskeletal condition were 
excluded from the study. These criteria 
resulted in the recruitment of 14 pre-
walkers with a mean (SD) age of9 (1) 
months and 12 new-walkers, aged 12 
(2) months. The parents of all subjects 
were fully informed of the purpose and 
procedures of the study anJ their 
informed consent was obtained before 
data collection. 
Measurement set-up 
and procedures 
All measurements were collected 
within the premises of the childcare 
centres. The largest circumference of 
the shank (leg girth) and the distance 
between the lateral malleolus and the 
head of fibula (leg length) of the right 
leg of each subject were measured. 
Subjects were placed in supine-lying 
on padded material on the floor. As it 
was not possible to verbally instruct 
subjects to be passive and relaxed 
during measurement, a child care 
centre worker interacted with them in 
such a way that they became soothed 
and relaxed (eg by playing music to 
them). The right ankle of each subject 
was placed in a foot frame 
instrumented with a potentiometer (at 
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figure 1. a) Means ami standard deviations of passive ankle dllrsiflexio!'! for individual 
subjects. b) Means and standard deviations oitorque required to achive maxim!!lm 
passive ankle tiolsiflexilm for imlividm:~! subjects. Subjects 1-14 are pre-walkers (open 
circles) while Subjects 15-26 are !lew-walkers (filled circles). 
its uniaxial hinge joint) and a load cell 
. (at its handle), taking care to align the 
lateral malleolus with the 
potentiometer, if necessary using 
wooden build-ups. A force was then 
applied to passively dorsiflex the right 
ankle at a slow speed (15 degrees) so 
that an average (SD) of 14 (6) trials 
were collected from each subject. In 
order to measure the contribution of 
the talocrural joint and exclude any 
contribution from the midtarsal and 
subtalar joints to ankle dorsiflexion, 
maximum passive ankle dorsiflexion 
was defined as the point just before the 
heel lifted off the footplate. The angle 
and force signals collected from the 
foot frame were amplified through a 
custom-made amplifier before being 
sampled at a frequency of 50 Hz and 
fed into a portable computer via an 
analog to digital interface board. 
Data extraction and analysis 
The angle and force data were 
smoothed using an 8th-order 
Butterworth filter with a cut-off 
frequency of 2 Hz and then graphed. 
Trials that showed a small magnitude 
of ankle dorsiflexion with a 
correspondingly large force 
measurement were discarded because it 
was likely that the subjects were not 
relaxed but pushing against the 
footplate during those trials. The mean 
magnitude of passive ankle dorsiflexion 
for each subject was obtained by 
calculating the average passive ankle 
dorsiflexion over the number of 
accepted trials. The mean magnitude 
of the torque needed to achieve 
maximum ankle dorsiflexion was 
obtained by calculating the average 
torque over the number of accepted 
trials. The data obtained were analysed 
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Figure 2. The group means and standard deviations of passive ankle dorsiflexion in 
neonates (fmm Waugh et ai 1983), pre-walkers, new walkers and adults (from Mose!ey 
et aI1S9S). 
statistically using the t-test for 
independent samples, one-way analysis 
of variance and multiple regression 
analysis. 
Results 
Despite the difference in age between 
pre-walkers and new-walkers, at-test 
for independent samples in leg length 
and girth measurements between the 
two groups showed no significant 
difference (t(24) = 1.49,p = 0.15 for leg 
length andj;4)= 0.875,p = 0.391 for 
leg girth). ·1 he mean (SD) passive 
ankle dorsiflexion of pre-walkers was 
45 (9) degrees and new-walkers was 
38 (7) degrees (see Figure la for 
individual data). The mean (SD) 
torque required to achieve maximum 
passive ankle dorsiflexion in pre-
walkers was 2.9 (0.9) Nm and new-
walkers was 3.3 (1.1) Nm (see Figure 
Ib for individual data). Since age was 
the only variable found to be 
significantly different between the pre-
walkers and new-walkers, a one-way 
analysis of variance with age as a 
covariate was used to determine if the 
difference between the pre-walkers and 
new-walkers in the magnitude of 
passive ankle dorsiflexion and the 
torque required to achieve it was 
significant. The results of the analysis 
revealed that new-walkers had a 
significantly smaller magnitude of 
passive ankle dorsiflexion than pre-
walkers (F(123) = 5.02, P = 0.035). The 
increase in torque required to achieve 
maximum passive ankle dorsiflexion in 
the new-walkers compared with the 
pre-walkers was not significant 
(F 123)= O.ll,p = 0.74) nor was it 
refated to the magnitude of passive 
ankle dorsiflexion (r = 0.17, P = 0.42). 
A forward stepwise multiple regression 
was performed for the whole sample 
using walking status, leg length, leg 
girth, torque and age to predict the 
magnitude of passive ankle 
dorsiflexion. The results revealed that 
only the predictor variable "walking 
status" (ie, pre or new walkers) 
contributed significantly to the 
prediction of passive ankle dorsiflexion, 
accounting for 15 per cent of the 
variability. 
Discussion 
The mean passive ankle dorsiflexion of 
infants at about nine months, before 
they had started to stand up in 
preparation for walking, was 45 
degrees. This value falls about a third 
of the way between the 59 degrees of 
passive ankle dorsiflexion observed in 
full-term neonates (Waugh et al1983) 
and the 18 degrees observed in adults 
(Moseley et al 1995). This finding may 
result from adaptive shortening of the 
gastrocnemius muscle due to removal 
of the immobilisation imposed on the 
ankles during gestation. A further 6.6 
degrees of reduction in ankle 
dorsiflexion occurred between nine 
and 12 months, which does not 
represent any change in the rate of 
reduction. This suggests that the 
reduction in dorsiflexion which 
accompanies walking, while significant, 
is a part of a continuing reduction in 
joint range rather than a dramatic 
decrease at the time of onset of 
walking. However, the 38 degrees of 
passive ankle dorsiflexion of the new-
walkers measured in this study is more 
than the 25 degrees measured by 
Sutherland et al (1988). Presumably 
the discrepancy is due to differences in 
measurement procedures but this is 
difficult to appraise because of lack of 
detail in the paper by Sutherland et al. 
In addition, the magnitude of passive 
ankle dorsiflexion was not related to 
the amount of torque required to 
achieve it, suggesting that, in infants at 
least, flexibility is a separate entity to 
joint range. 
This study has established the 
magnitude of passive ankle dorsiflexion 
of infants both at the time before they 
start weight-bearing through their feet 
and when they start to walk. The 
magnitude of passive ankle dorsiflexion 
with the knee in extension can be 
viewed clinically as a reflection of 
gastrocnemius length. These 
measurements therefore can act as 
objective guidelines in the assessment 
and monitoring of correction of calf 
muscle contracture in neurologically-
impaired infants, particularly in 
conditions such as spastic diplegia, 
where both lower limbs are affected 
and there is no "normal" limb available 
for comparison. When the magnitude 
of passive ankle dorsiflexion in 
neonates, pre-walkers, new-walkers 
and adults is compared (Figure 2), even 
when the different methods of 
measuring dorsiflexion across the 
studies is taken into account, it can be 
observed that the magnitude of ankle 
dorsiflexion of new-walkers is still 
much larger than that of the adults. 
Infants who have recently started 
walking do so with more hip and knee 
flexion than adults (Forssberg 1985, 
Okamoto and Kumamoto 1972). 
Therefore, new-walkers may need 
relatively long calf muscles in order to 
compensate for their lack of hip and 
knee extension in stance, ie the ankles 
of new-walkers require more 
dorsiflexion for them to maintain 
balance. Furthermore, it appears that 
children aquire adult dorsiflexion 
values at the same time as they acquire 
adult values of hip extension, at about 
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seven years of age (Sutherland et al 
1988). This implies that clinically, 
gastrocnemius contracture in infants 
should be reduced to near normal 
infant values rather than adult values. 
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